It has been previously demonstrated that brainderived 
BDNF is known to regulate neural development and regeneration, promote neurite extension and maintain neuronal survival. [7,8'9'1'11] In addition to those diverse roles of BDNF in the nervous system, we have discovered that BDNF plays important roles in the endocrine system and regulates glucose metabolism. I121 We have shown that systemic administration of BDNF improves glucose metabolism in obese diabetic C57BL/KsJ-lepreb/lepr eb (db/db) mice. [12'13] Although BDNF also suppresses food intake in such hyperphagic obese mice, we developed a novel apparatus to pair-feed vehicle-treated control mice precisely to BDNF-treated mice and demonstrated that BDNF has a major hypoglycemic effect independent of appetite. I41 
Measurement of Norepinephrine (NE) Turnover
The effect of BDNF on norepinephrine turnover was assessed using a slightly modified version of the method previously reported by Collins. [16] db/db mice received intracerebroventricular administration of either BDNF (15 txg/mouse) or vehicle at the beginning of a dark cycle, and then food was removed. Two hours after BDNF or vehicle treatment, c-methyl-p-tyrosine methyl ester (250mg/kg, Sigma (Fig.  1B) . There was no significant difference in body weight between BDNF-treated and the pellet pairfed mice (Fig. 1C) (Fig. 3) . Whereas the skin temperature of a typical vehicle-treated pellet pair-fed mouse was lower than an ad libitum-fed mouse, the skin temperature of the paired BDNF-treated mouse recovered. A relatively higher temperature was observed in the interscapular region of the BDNF-treated mouse suggesting enhancement of thermogenesis in the brown adipose tissue (BAT). (Fig. 4) . reported however that BDNF passes through the blood brain barrier by a saturable transport system and quickly enters into brain. [23, 24] In our preliminary experiments, subcutaneous treatment of BDNF as well as intracerebroventricular treatment rapidly showed anorexic effect in db/db mice (data not shown). Since subcutaneous administration of BDNF ameliorated the energy expenditure in our previous study, [14] BDNF administered even peripherally may rapidly enter the brain and regulate energy metabolism in obese diabetic animals.
The pharmacological profiles of BDNF shown in this study reminded us of leptin, an adipocytederived satiety hormone regulating body adiposity by modulating food intake and energy metabolism. [8, 25, 26] Peripheral administration of leptin stimulates sympathetic nerve activity in interscapular BAT and norepinephrine turnover [6, 27] and regulates the expression of UCP1 by modulating the sympathetic nervous system. [28, 29] Since the functional form of the leptin receptor (Ob-Rb) is expressed in the hypothalamus, a major site of metabolic regulation by the autonomic nervous system, I31 intracerebroventricular or intrahypothalamic administration of leptin can reproduce most of the effects of peripheral leptin administration. [26'31'32] Leptin administered peripherally may access the hypothalamus via receptor-mediated transport, and regulate energy expenditure and food intake primarily by interacting with Ob-Rb in the hypothalamus. Therefore, many of the therapeutic profiles of leptin are very similar to BDNE Since the functional full-length form of BDNF receptor, trkB is expressed in the hypothalamus, [33, 34] it is plausible that BDNF may act via the hypothalamic neuronal system. More studies will be needed to clarify the action mechanisms of BDNF in comparison with leptin.
In conclusion, the present study has demonstrated that central administration of BDNF regulates the glucose metabolism and energy expenditure of obese diabetic animals in a similar fashion to peripheral administration. These results further suggest that BDNF modulates sympathetic nerve activity through central regulation in the hypothalamus and affects energy expenditure.
